This paper tests whether the Fisher hypothesis holds for a sample of 26 countries by assessing the long run relationship between nominal interest rates and in¯ation rates taking into consideration the short run dynamics of interest rates. The empirical evidence supports the hypothesis that there is a one-to-one relationship between the interest rate and in¯ation for more than half of the countries under study.
I . I N T R O D U C T I O N
The Fisher hypothesis suggests that there is a positive relationship between interest rates and expected in¯ation. Boudoukh and Richardson (1993) argue that this positive relationship exists at all horizon lengths. In contrast, Mishkin (1992) reported the presence of this relationship for the long-run, but he could not detect the presence of the Fisher e ect in the short-run for the USA. Moreover, Yuhn (1996) reported that the Fisher e ect is strong over long horizons, and the presence of the Fisher e ect can be seen in the short-run for Germany. Therefore, the results obtained by testing for the Fisher hypothesis might be in¯uenced by the time horizon that has been selected. This study tests the Fisher hypothesis within the framework suggested by Moazzami (1989) , which allows a direct estimate of the long-run relationship between interest rates and expected in¯ation by taking into consideration the short-run dynamics of the interest rates for 26 developed and developing countries.
The contribution of this paper to the literature can be highlighted within the following four headings. First, to the best of the authors' knowledge, this study is the most extensive study testing the Fisher hypothesis as far as the number of the countries that are incorporated is concerned.
1 Second, the sample includes both developed and developing economies, hence this allows one to assess the presence of the Fisher hypothesis for two types of economies. Third, studies that attempt to extract the long-term e ect by applying methods similar to this utilized annual data (see Carmichael and Stebbing, 1983; Moazzami and Gupta, 1995) , while this study uses monthly data. This is important because using annual data may lead to the aggregation biased problem suggested by Rossana and Seater (1995) , whereas using monthly data may avoid that problem. Lastly, to the best of the authors' knowledge, this paper reports the most comprehensive robustness tests among the studies on the Fisher hypothesis testing. The next section introduces the basic model that is used to test the Fisher hypothesis, Section III presents the empirical evidence and Section IV summarizes the conclusions.
I I . TH E BA S I C M O D EL
The basic equation that has been used to test the Fisher hypothesis is
…1 †
Where i t is the nominal interest rate and º e t is the expected in¯ation for the period t. Here, is expected to be one as there is a one-to-one relationship between interest rates and the expected in¯ation ± the strong form of the Fisher hypothesis. However, is positive but not equal to one in its weak form. Tobin (1965) suggests that if money and capital are the only forms of wealth, when the opportunity cost of holding money increases due to higher in¯a-tion, money holding decreases and capital stock increases.
Under decreasing return to scale economies, then interest rate decreases with lower levels of marginal productivity of capital. Therefore, in Tobin's world, should be positive and less than one ± the weak form of the Fisher hypothesis. On the other hand, tax-e ect suggests that is greater than one. Darby (1975) notes that when the nominal interest rate is taxed, the Fisher relationship implies that the change in the nominal interest rates is greater than the change in expected in¯ation so as to maintain the constant ex-ante real interest rate (see Crowder and Wodar, 1999) . Nevertheless, all forms of Fisher hypothesis speci®cations suggest that is positive.
In order to test the Fisher hypothesis, Moazzami (1989) assumes that the economy is in a steady state equilibrium and there is no deviation from its long-run equilibrium path in the short run. Here, ignoring the short-run dynamics and simply regressing nominal interest rates against the current rate of in¯ation su ers from misspeci®cation, which manifests itself in residual autocorrelation. In fact, the estimated results reported by Equation 1 are associated with a common characteristic that is displayed in a low Durbin±Watson statistic, which can be regarded as a speci®c error due to the omission of the short-run dynamics. Some studies have addressed this issue by using the Cochrane±Orcutt procedure: e.g. Tanzi (1980) and Carmichael and Stebbing (1983) . Others have attempted to minimize the e ects of shorter-term¯uctua-tions in the data, performing several transformation s to re¯ect only the long-run tendencies of the data: e.g. Lucas (1980) and Lothian (1985) . However, by using these transformations , all the information on the shortrun dynamics could be lost.
In order to incorporate the short-run dynamics of interest rates, Moazzami (1989) allows for the presence of lags of interest rates on the right hand side of the equation. Hence, Equation 1 is respeci®ed as:
In order to estimate Equation 2, the expected in¯ation rate º e t must be speci®ed. Gordon (1971) and Lahiri (1976) suggest that the expected in¯ation rate, which is unobservable, may be systematically related to past rates of in¯ation. Hence, using the distributed lag of past rates of in¯ation as a proxy for the expected rate of in¯ation, Equation 2 can be written as: Moazzami (1989) argues that the coe cients of the lagged variables are, in general, signi®cantly di erent from zero in estimating Equation 3. In fact, if the coecients of all lagged variables in Equation 3 are set to be equal to zero, then the conventional Fisher equation estimation is obtained under the implicit assumption of a steady state equilibrium in which all expectations are realized and the actual and expected rates of in¯ation are identical. In order to measure the expected in¯ation rate, an auxiliary equation can be used. However, using a distributed lag of the actual in¯ation rates as a proxy for the expected rate has the advantage of avoiding the problems associated with the use of generated regressors. Under the assumption of no autocorrelation, Equation 3 can be estimated by using the Ordinary Least Squares (OLS) method. The estimates then give the long-run response coe cient of the interest rate to the rate of in¯ation. This is expressed as follows:
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In order to calculate the variance of ¡ estimate, the transformation ®rst proposed by Bewley (1979) and then modi®ed by Wickens and Breusch (1988) was used. The method ®rst subtracts … P m iˆ1 i †i t from each side of Equation 3 and rearranges the terms such that it yields:
Here, the coe cient of º t is the long-run multiplier of the Fisher equation, ¡, as de®ned in Equation 4. The long-run adjustment coe cient for the interest rate, as well as the other coe cients of Equation 5, can be estimated using the instrumental variable method. Wickens and Breusch (1988) showed that the estimate of the long-run multiplier obtained by estimating the transformed model, Equation 5 via instrumental variables is numerically identical to the one calculated from the OLS estimates of Equation 3, provided that all the predetermined variables of the original Equation 3 are used as instruments. Hence, this paper estimates the form of Equation 5 with the instrumental vari-able technique in order to test the basic implication of the Fisher hypothesis.
I I I . R E S U L T S
This section presents the basic empirical evidence for testing the Fisher hypothesis. The next sub-section introduces the data, the second sub-section reports the estimates of the model, the third sub-section is for the robustness analyses.
Data
Interest data is either treasury bill rates, if available, or the lending rate. The lending rate, rather than other interest rates, is used when the treasury bill rate is not available because it is believed that the lending rate is the most risk free measure of interest rates after treasury bill rates. The in¯ation rate is measured by the logarithmic ®rst di erence of the consumer price index. The countries that were examined, the de®nition of the interest rate that was used and the data sample are reported in Table 1 . All the data are from the International Monetary Fund±International Financial Statistics tape and the sample size is the largest monthly sample that is available from the tape. The speci®c de®nitions of treasury bill and lending rates for each country are also available from the tape.
Estimates and basic results
In order to estimate Equation 5, the optimum lag orders of the interest rate and in¯ation are determined from Equation 3. In order to determine the optimum lag orders for lagged values of both in¯ation and interest rates, the Final Prediction Error Criteria suggested by Hsiao (1979) is used. His method determines the optimum lag order such that the residual term is no longer autocorrelated. Once the optimum lag length is determined, these lag orders are used as the lag orders of those two variables in Equation 5.
In order to assess the short-and long-run dynamics of interest rates, Equation 5 is estimated via the instrumental variable method, where the predetermined variables of Equation 3 are used as instruments [parallel to those proposed by Wickens and Breusch (1988) ]. This method allows one to estimate the long-run adjustment coe cient, ¡, for the interest rate to the rate of in¯ation directly. The estimates of the model for the developed countries under study are reported in Table 2, and Table 3 reports the estimates for developing countries.
For the 26 countries examined, except for Brazil and Costa Rica, positive coe cients are estimated for ¡. The null hypothesis that ¡ is one ± the strong version of the Fisher hypothesis ± is also tested. The test statistics could not reject the null hypothesis for 16 out of 26 countries. Among the developed countries, no evidence was found to reject the strong version of the Fisher hypothesis for 9 out of 12 countries; these countries are Belgium, Canada, Denmark, Finland, Germany, Italy, Japan, Switzerland and the USA. However, the estimated coe cients of ¡ for Belgium and Finland are not statistically signi®cantly di erent from zero. The results in the strong form of the Fisher hypothesis are in line with those reported by Moazzami and Gupta (1995) for Canada, Germany, Italy, the UK and the USA. The only result of the study con¯icting with that of Moazzami and Gupta (1995) is in the case of France. One possible reason for the di erence is that they used annual data from 1953 to 1989 and this study used monthly data from 1966:03 to 1998:05. For the twelve developed countries that have been examined in this study, the authors tested whether the coe cient of the in¯ation, ¡, is positive and statistically signi®cant among the countries where the strong form of the Fisher hypothesis is rejected. Only the null hypothesis that ¡ is zero, the weak form of the Fisher hypothesis, for France is rejected. Only for the UK is the coe cient not statistically signi®cant.
The Fisher hypothesis is tested for the set of the developing countries and the results are reported in Table 3 . No Thornton (1996) . The short-run dynamics of the nominal interest rate to the expected in¯ation rate are reported in Tables 2 and 3 . £ ¶ 0 , £ ¶ 1 , £ ¶ 2 ; . . . ; £ ¶ 5 show the response of the nominal interest rate to expected in¯ation in the corresponding period. Examining the countries where the strong form of the Fisher hypothesis holds, it is concluded that the short-run responses of the nominal interest rate to expected in¯ation do not display a consistent pattern. In fact, the adjustment process di ers from one country to another. However, an interesting point is that for some of the developing countries, the short-run adjustment of the nominal interest rate to expected in¯ation is more than proportional, in particular for the Chilean, Mexican and Venezuelan cases. In contrast, for the developed countries, the short-run adjustment of the nominal rate to expected in¯ation is always less than proportional.
Robustness analyses
It is possible that the regression analyses performed in the last section give spurious regression results. Hence, in this section various robustness tests are performed. First, the errors of the model are tested for autocorrelation. These 1648 error terms are then tested for the autoregressive conditional heteroscedasticity (ARCH) by using the ARCH-LM test suggested by Engle (1982) . Lastly, stability tests using Chow's test are performed. Tables 4 and 5 report the Ljung-Box Q statistics for serial correlations for di erent lag orders for all the countries under study. Table 4 suggests that the autocorrelation problem is not present for any of the developed countries except for the USA. The Fisher hypothesis estimates for the USA are addressed later in the paper. Table 5 reports the Q-statistics for the developing countries under study. The null hypothesis of no autocorrelation is rejected only in the Zambia case for the 15th and 18th lags and in the Chile case for the 12th lag. The autocorrelation problem for those two developing economies exists only in high orders; therefore, it is assumed that the autocorrelation problem does not exist for these countries.
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As a second test of robustness, ARCH-LM tests are performed in order to check for the presence of the ARCH e ect. Therefore, the model's squared residuals are regressed on its lagged squared residuals in di erent lag orders and the constant term in order to test the null hypothesis that the coe cient of the lagged squared residuals are all zero. Table 6 and Table 7 report the calculated F-statistics for each country under study and for the di erent number of squared residual lags. Table 6 reports the ARCH-LM test for the developed economies in the sample. The test statistics could not reject the null hypothesis that there is no ARCH e ect for Canada, Denmark, France, Germany and Korea. For the Belgian, Finnish, Italian and Swiss speci®cations, autoregressive conditional heteroscedasticity is detected only for one lag of the squared residuals. However, for the USA and Japan, autoregressive conditional heteroscedasticit y is detected for most of the lags of the squared residuals included. Table 7 reports the ARCH-LM tests for the set of developing countries. The test statistics cannot reject the null hypothesis that there is no autoregressive conditional heteroscedasticity for any of the countries in the sample except for the cases of Chile, Turkey and Venezuela. In the case of Turkey, the ARCH process is detected only when one lag of the squared residuals is included. For Chile and Venezuela, however, the ARCH process is detected when one and three lags of the squared residuals are included. To sum up, of all the country models that were estimated, the ARCH e ect has been defected only for Belgium, Chile, Finland, Italy, Japan, Switzerland, Turkey, the UK, the USA and Venezuela out of the 26 countries in the sample. In this study, the presence of the ARCH e ect may indicate the presence of the misspeci®cation as well as the presence of the time varying risk in the interest rates. Further research is needed to elaborate upon this issue; hence, it is left for a further study.
As a third robustness test in addition to testing the models for any serial autocorrelation and for the ARCH e ect, models were tested for possible structural changes. The empirical evidence suggests that none of the countries except for the USA indicate structural change at the conventional 5% level (results are not reported here, but are available from the authors upon request).
In order to address the structural change for the US speci®cation, the model is reestimated for di erent subsamples as suggested by the Chow break-point tests. The estimates are provided in Table 8 . Even if none of the coe cients of the in¯ation are statistically signi®cant, the Fisher hypothesis in its strong form could not be rejected for any of the sub-periods. Moreover, the latter models do not show any serial autocorrelation. While the ARCH process is detected for the ®rst two sample periods, it could not be observed in a statistically signi®cant fashion for the third sub-periods. The detailed results for the Q-statistic test and the ARCH-LM tests are provided in Table 9 .
Lastly, it could be argued that if interest rates and in¯a-tion are nonstationary series, then the Fisher hypothesis 1650 * Rejects the null that there is no autocorrelation at the 5% signi®cance level. suggests these two variables must be cointegrated. Therefore, ®rst the unit root tests of the interest rate, in¯a-tion and their ®rst di erences are reported in Table 10 . The presence of unit roots in interest rates cannot be rejected for any countries except for Chile at the conventional 5% level of signi®cance. However, their presence in in¯ation can be rejected for all the countries except for Italy, the USA, Chile, Costa Rica, Mexico, Venezuela and Zambia. (Engsted, 1995 , also ®nds similar results for some of the countries in his sample.) Therefore, the empirical evidence presented in the table may suggest that there is no long-run relationship between these variables; and the real interest rate may include a unit root. This is not what most of the macroeconomic models suggest even if King et al. (1991) imply that the real interest rate is nonstationar y for the USA within the real business cycles framework. Another reason could be that even if one cannot reject the unit root in interest rates, they are in fact stationary through nearintegration. In order to see if there is a spurious relationship between the interest rates and in¯ation, the Engle and Granger (1987) type of cointegration test was performed. After regressing the interest rate on a constant term and in¯ation. Column I of Table 11 reports the ADF tests statistics of the residuals. One can reject the null of unit root in 17 out of 26 cases at the 5% level of signi®cance. This speci®cation does not account for the short-run dynamics of the interest rates. The unit root of the residuals for Equation 5 is also tested. The ADF tests are reported in column II of Table 11 . One can reject the unit root for all the countries in the sample. Hence, there is a long-run relationship between the interest rate and in¯ation, and the results reported in Tables 2 and 3 are not spurious.
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I V . C O N C L U S I O N
There is a long tradition of testing the Fisher hypothesis in economics literature. In this study, the available literature have been extended by examining the Fisher hypothesis for a sample of 26 countries using a method that allows one to observe the long-run relationship between interest rates and in¯ation by abstracting from the short-run dynamics of interest rates. In this work, attention was focused on testing the strong version of the Fisher hypothesis: Does the nominal interest rate rise point-for-poin t with the expected in¯ation?
This study ®nds supporting evidence for the strong version of the Fisher hypothesis in 16 out of 26 countries. It is also likely that the Fisher hypothesis holds more for the developed countries than the developing ones in the sample. The strong version of the Fisher hypothesis could not be rejected for 9 out of 12 developed countries and for 7 out of 14 developing countries.
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